Platelet-derived growth factor (PDGF)-BB is a potent chemoattractant for mesenchymal cells. Intracellular signal transduction for PDGF-induced chemotactic response has been reported to be dependent on phosphatidylinositol 3-kinase (PI3K) activation. Here, we report a PI3K-independent pathway operating for PDGF-induced chemotaxis in vascular smooth muscle cells and other cell types. Two different PI3K inhibitors, wortmannin (WT, 1 nM-1 M) and LY294002 (100 nM-10 M), did not inhibit PDGF-induced chemotaxis in smooth muscle cells and Swiss 3T3 cells, whereas WT inhibited activity of PI3K that were immunopurified from PDGFstimulated cells as well as PI3K purified from cells that were stimulated with PDGF in the presence of the same concentrations of WT. Similarly, WT (100 nM) abolished the increase in intracellular phosphatidylinositol 3,4,5-triphosphate after PDGF stimulation. Furthermore, Chinese hamster ovary/⌬p85 cells overexpressing a dominant negative p85 subunit of PI3K showed a chemotactic response comparable to that of parental cells while showing a remarkable decrease in PI3K activity. Rapamycin, a specific inhibitor of pp70 S6 kinase, which is one of the well characterized downstreams of PI3K, did not inhibit PDGF-induced chemotaxis. Both WT and LY294002 inhibited PDGF-induced amino acid uptake and actin-stress fiber reorganization and partly inhibited PDGF-induced glucose incorporation in Swiss 3T3 cells. Our findings indicate that, in vascular smooth muscle cells and other cell types, the signal transduction for PDGF-induced chemotaxis is independent of PI3K activity while the signal transduction for PDGF-induced amino acid uptake, glucose incorporation, and cytoskeletal reorganization is dependent on PI3K.
Phosphatidylinositol 3-kinase (PI3K) 1 is an enzyme that phosphorylates the D-3 position of the inositol ring in phosphoinositides, resulting in formation of PI(3)P, PI(3,4)P 2 , and PI(3,4,5)P 3 (1) . PI3K is a heterodimer of an 85-kDa regulatory subunit (2) and a 110-kDa catalytic subunit (3) . PI3K is activated when it binds to phosphotyrosine residues of activated growth factor receptors by the two Src homology region 2 domains in the p85 subunit (4) . Studies using specific inhibitors (5-16), a dominant negative construct for p85 (8, 17, 18) and mutant PDGF receptors (7, 10, 15) , revealed that PI3K is involved in growth factor-induced membrane ruffling and actin reorganization (7) (8) (9) , intracellular trafficking of growth factor receptor (10) , endocytosis (11) , protein sorting (19) , translocation of glucose transporter (12, 13) , and glucose incorporation (14, 18) , which are induced by insulin, DNA synthesis (13) , activation of Na ϩ /H ϩ exchange (15) , and nerve growth factorinduced neurite outgrowth (16) .
Recently, PI3K has been reported to be indispensable for PDGF-induced chemotaxis, which is mediated by PDGF receptor-␤ (PDGFR-␤) (20, 21) . Replacement of two tyrosine residues within PI3K binding sites of PDGFR-␤ causes loss of chemotactic response to PDGF-BB in cells transfected with this mutant receptor. However, evidence suggests that there are celltype specific variations in chemotactic signal transduction mediated by PDGFR; PDGFR-␣ mediates chemotaxis when transfected in a hematopoietic cell line (22) but not in porcine aortic endothelial cells (23) ; a mutant PDGFR that lacks binding sites for PLC-␥ does not transduce chemotactic signal when it is expressed in NIH 3T3 cells (20) but does transduce chemotactic signal in porcine aortic endothelial cells (21) . We therefore decided to evaluate the role of PI3K in the signal transduction for PDGF-induced chemotaxis and related phenomena in vascular smooth muscle cells (SMCs) and other cell types that express authentic PDGFR-␤.
EXPERIMENTAL PROCEDURES
Materials-Wortmannin was purchased from Kyowa Medics (Tokyo). LY294002, rapamycin, and AACOCF 3 were from BIOMOL Research Laboratories Inc. (Plymouth Meeting, PA). Anti-phosphotyrosine monoclonal antibody (PY-20) and anti-PLC-␥ monoclonal antibody were from Signal Transduction Laboratories (Lexington, KY). Antisera against human PDGF-␤ receptor and phosphatidylinositol 3-kinase were from Upstate Biotechnology Inc. Antiserum against p110 subunit of phosphatidylinositol 3-kinase was from Santa Cruz Biotechnology Inc. Monoclonal antibody against bovine p85␣ (G12) was prepared as reported previously (24) . Phosphatidylinositol was from Sigma, phosphatidylinositol (4) phosphate and phosphatidylinositol (4, 5) bisphosphate were from Calbiochem-Novabiochem Corp. Recombinant human PDGF-BB was from Pepro Tech Inc. (Rocky Hill, NJ).
Cell Culture-SMCs were prepared from the aorta of Sprague-Dawley rats (25) and cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal calf serum (FCS), 100 units/ml penicillin, and 100 units/ml streptomycin. SMCs were used for experiments between the 4th and 6th passage. Swiss 3T3 cells were obtained from the Japan Cancer Research Resources Bank, and maintained in DMEM supplemented with 10% fetal calf serum. To obtain CHO cells stably overexpressing a dominant negative PI3K (⌬p85), CHO-K1 cells were transfected with SR␣-⌬p85 (18); G418 (Geneticin) (Wako, Osaka, Japan)-resistant cells were screened by Western blotting with anti-p85 antibodies and cloned by limiting dilution. CHO-K1 cells overexpressing insulin receptors (CHO-IR) were cloned and cultured as reported previously (18) .
Chemotaxis-Chemotactic response was assayed by using a 48-well microchemotaxis chamber (Neuro Probe Inc. Bethesda, MD) as reported previously (25) . Briefly, the cells were washed three times with PBS, treated with 0.25% trypsin and 0.01% EDTA, and then resuspended in DMEM containing 0.1% bovine serum albumin (BSA) at 1 ϫ 10 6 cells/ ml. A polycarbonate membrane (polyvinylpyrrolidone-free, pore size 8.0 m) was coated with type V collagen (Funakoshi Inc., Tokyo). Chemoattractant solution (25 l) containing PDGF-BB (10 ng/ml) was placed in the lower chamber, and the cell suspension (5 ϫ 10 4 cells in 50 l) was placed in the upper chamber. The assembled chamber was incubated in a CO 2 incubator for 6 h (SMCs) or for 4 h (Swiss 3T3 cells). The membrane was stained with Diff-Quick (International Reagents Corp., Kobe, Japan), and the number of cells that had migrated to the lower surface of the membrane was counted.
PI3K Assay-The activity of PI3K was assayed by the method reported previously with slight modifications (26) . Briefly, confluent cells in a 9-cm-diameter dish were lysed with 1 ml of ice-cold buffer A (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1 mM Na 3 VO 4 , 1 mM 4-(2-aminoethyl)-benzenesulfonyl fluoride hydrochloride, 1% Trasyrol, 30 nM leupeptin, 1% Nonidet P-40, 2 mM EDTA, 1 mM MgCl 2 , and 1 mM CaCl 2 ) and centrifuged at 15,000 rpm for 20 min at 4°C. The supernatant was incubated with anti-phosphotyrosine monoclonal antibody (PY-20) coupled with protein G-Sepharose (Pharmacia, Uppsala, Sweden) for 60 min at 4°C. The immunoprecipitate was washed three times with buffer A and twice with kinase buffer (50 mM Tris-HCl, pH 7.8, 2 mM MgCl 2 , 0.5 mM EDTA, and 50 mM NaCl) and suspended in 30 l of kinase buffer; 10 l of 1 mg/ml sonicated phosphatidylinositol (PI) was then added. The reaction was started by the addition of 37 KBq [␥-
32 P]ATP, and the samples were incubated at 30°C for 10 min. The reaction was stopped by the addition of 0.5 ml of 1 N HCl and 2 ml of chloroform-methanol (2:1). Phospholipids were recovered from the lower organic phase. The organic phase was dried under N 2 gas, dissolved in chloroform, spotted on silica Gel-60 plates (Merck), impregnated with 1% potassium oxalate, and developed in chloroform/methanol/28% NH 3 /water (70:100:15:25, v/v). The radioactivity on the dried plate was visualized and quantified by a Fuji BAS2000 Bioimaging Analyzer (Tokyo).
Extraction of Radiolabeled Phospholipids in Intact Cells-Phosphatidylinositol 3,4,5-triphosphate production by cells was measured by the method as reported before with modifications (5). Briefly, cells (in a 6-cm-diameter dish) were incubated with 20 mM HEPES-buffered phosphate-free DMEM containing 9.25 MBq of [ 32 P]orthophosphate at 37°C for 1 h and washed twice with warmed phosphate-free DMEM. The cells were then incubated at 37°C for 30 min with wortmannin or vehicle for a further 10 min with PDGF-BB (30 ng/ml), then scraped with 0.5 ml of 1 N HCl, and transferred to a polypropylene tube. Phospholipids were extracted by the addition of 2 ml of chloroform-methanol (2:1). The organic phase was dried under N 2 gas, dissolved in chloroform, spotted on a silica Gel-60 plate impregnated with 1% potassium oxalate and developed in chloroform/acetone/methanol/acetic acid/water (80:30:26:24:14 v/v), and analyzed as described above.
2-Deoxyglucose Incorporation-Glucose incorporation was measured by using a nonmetabolizable glucose analog 2-deoxyglucose (27, 28) . Quiescent cells were cultured in glucose-free DMEM supplemented with 0.1% BSA for 30 min. PDGF-BB was then added to a final concentration of 10 ng/ml, and cells were cultured further for 6 h. Next, 2-[ 3 H]deoxyglucose (37 KBq/well) and unlabeled 2-deoxyglucose (100 nM) were added. After 10 min, cells were washed three times with cold PBS and lysed with 1 ml of 0.25 N NaOH. The radioactivity in whole cell lysate was counted with a scintillation counter (Bechman LS5801, Fullerton, CA).
Leucine Uptake-Amino acid uptake was measured by the method previously described with slight modifications (29) . Briefly, quiescent cells were cultured in DMEM supplemented with [ 3 H]leucine (92.5 KBq/well) and 0.1% BSA for 30 min. PDGF-BB was then added to a final concentration of 10 ng/ml. After a 6-h incubation, cells were washed three times with cold PBS and lysed with 1 ml of 0.25 N NaOH. The radioactivity in whole cell lysate was counted as described above.
Western Blot Analysis-Cells incubated with or without PDGF-BB for 5 min were lysed with ice-cold RIPA buffer (10 mM Tris-HCl, pH 7.4, 150 mM NaCl, 5 mM EDTA, 1% Triton X-100, 1% deoxycholic acid, 1% Trasyrol, 0.1% SDS, 1 mM 4-(2-aminoethyl)-benzenesulfonyl fluoride hydrochloride, and 1 mM Na 3 VO 4 ) and centrifuged at 15,000 rpm for 20 min at 4°C. The supernatant was incubated with antibodies coupled with protein G-Sepharose (Pharmacia) for 60 min at 4°C. The immunoprecipitate was washed three times with RIPA buffer A, suspended in 20 l of Laemmli's sample buffer, boiled at 100°C for 10 min, and applied to SDS-polyacrylamide gel. After electrophoresis, the immunoprecipitate was electrotransferred to a nitrocellulose membrane (Atto Co. Tokyo). The membrane was incubated with first antibodies at room temperature for 60 min. After three washes, specific bands were detected by an ECL Western blotting kit (Amersham, Buckinghamshire, U.K.) according to manufacturer's instructions.
RESULTS
Contrary to previous reports that PI3K is indispensable for PDGF-induced chemotaxis (20, 21) , two specific inhibitors of different modes of action, wortmannin (WT) and LY294002, did not inhibit PDGF-induced chemotaxis in vascular SMCs and Swiss 3T3 cells at concentrations that were sufficient to inhibit PI3K (1 nM-1 M for WT, 100 nM-10 M for LY294002) (Fig. 1) . Under the same conditions, tyrosine kinase inhibitors and colchicine inhibited chemotaxis (25, 30) .
To confirm that the inhibitors inhibit PI3K activity in these cells, we measured the PI3K activity in two different ways. First, various doses of WT were incubated with PI3K immunoprecipitated from PDGF-stimulated cells with anti-phosphotyrosine antibody, and PI3K activity was measured in the presence of WT. In this assay, WT inhibited PI3K with an IC 50 value (3 nM) comparable to those in previous reports (9, 12, 14) . Second, PI3K was immunoprecipitated from cells that had been treated with PDGF-BB in the presence of various concentrations of WT. The dose response curve of the latter assay overlapped reasonably well with that of the former assay, indicating that WT inhibited PDGF-activated PI3K activity under our experimental conditions (Fig. 2) .
Although the PI3K mentioned above represents the isoform that is tyrosine phosphorylated and activated by PDGF-BB, an isoform of PI3K, which is regulated by G protein-coupled pathway, has been reported (31, 32) . To rule out the potential indirect stimulation of other isoforms of PI3K by PDGF, we measured the intracellular PI(3,4,5)P 3 formation after PDGF stimulation. Although PI(3,4,5)P 3 was hardly detectable in quiescent cells, it became clearly detectable after PDGF stimula- FIG. 1 . Effect of wortmannin and LY294002 on PDGF-induced chemotaxis. SMCs (q,ϫ) and Swiss 3T3 cells (E, f) preincubated in DMEM containing 0.1% BSA for 48 h were used for a chemotactic assay as described under "Experimental Procedures." Wortmannin (q, E) and LY294002 (ϫ, f) were added both in the upper and lower compartments of microchemotactic chambers. The number of cells that migrated onto the lower surface of the membrane was counted in 10 high power fields. Each point, expressed as a percentage of the cell number in the absence of inhibitors, represents the mean of three independent experiments that were conducted in quadruplicate. The standard error of the mean was within 10% of the mean.
tion. Preincubation of cells with WT (100 nM) for 30 min prevented the formation of PI(3,4,5)P 3 completely (Fig. 3) .
To substantiate the findings obtained with specific inhibitors, we studied the effect of a dominant negative p85 subunit of PI3K on PDGF-induced chemotaxis. A stable cell line of CHO cells overexpressing a dominant negative p85 subunit of PI3K (CHO/⌬p85 cells) was cloned as described under "Experimental Procedures." These cells were suitable to test whether PI3K was indispensable for PDGF-induced chemotaxis. Both CHO/ ⌬p85 cells and their parental cell line, CHO-K1 cells, expressed PDGFR-␤ that was tyrosine phosphorylated by PDGF-BB (Fig.  4A) . In CHO/⌬p85 cells, which expressed the dominant negative p85 subunit (Fig. 4B) , association of native p85 subunit to activated PDGFR was inhibited as indicated by a lack of p110 subunit association to PDGFR (Fig. 4C) . However, other downstream signaling, such as activation of PLC-␥ or tyrosine phosphorylation of various proteins, was not impaired (Fig. 4, D and  E) . PI3K activity in CHO/⌬p85 cells was suppressed to less than 5% of that in CHO-K1 cells (Fig. 5) . CHO/⌬p85 cells responded to PDGF-BB chemotactically to the same extent as the parental cell line, CHO-K1 cells (Fig. 6) , confirming the findings obtained with the inhibitors.
To obtain further support for the non-involvement of PI3K in chemotactic signal transduction, we studied the effect of rapamycin on PDGF-induced chemotaxis in Swiss 3T3 cells. Rapamycin is a specific inhibitor of pp70 S6 kinase, which is one of the well characterized downstreams of PI3K signaling pathways, and is activated by PDGF-BB (33, 34) . Rapamycin (1 nM-100 nM) did not inhibit PDGF-induced chemotaxis (data not shown).
For the comparison with previous reports on the effect of PI3K inhibitors in other cell types (7-9), we studied the effect of WT on PDGF-induced actin reorganization. In accordance with previous reports (9), this PDGF-induced actin reorganization was completely abolished by WT (data not shown).
To further elucidate the role of PI3K activity in PDGF- FIG. 2 . Dose-dependent inhibition of PI3K activity by wortmannin. PI3K was immunoprecipitated with anti-phosphotyrosine monoclonal antibody from Swiss 3T3 cells (q) that were stimulated with 10 ng/ml PDGF-BB for 10 min, and PI3K activity was then assayed in the presence of indicated concentrations of wortmannin as described under "Experimental Procedures." PI3K was also immunoprecipitated from Swiss 3T3 cells (E) and SMCs (ϫ), which were preincubated with indicated concentrations of wortmannin for 10 min and then stimulated with PDGF-BB (10 ng/ml) for another 10 min. Values are expressed as the percentage of the value obtained in the absence of WT. Each point represents the mean of three or four determinants obtained from independent experiments conducted in duplicate. The standard error of the mean was within 10%.
FIG. 3.
Inhibition of PDGF-stimulated production of PI(3,4,5)P 3 by wortmannin. SMCs and Swiss 3T3 cells were labeled with 32 P i for 1 h and then further treated with 100 nM wortmannin for 30 min. 10 min after PDGF-BB (30 ng/ml) was added to the culture, phospholipids were extracted and separated on an oxalate-impregnated TLC plate as described under "Experimental Procedures." An autoradiogram of the TLC plate is shown. The position of spots corresponding to PI, PI(3)P, PI(3,4)P 2 , and PI(3,4,5)P 3 are indicated on the left. The position of PI(3,4,5)P 3 was identified with PI(3,4,5)P 3 generated from PI(4,5)P 2 with purified PI3K. was immunoprecipitated with anti-phosphotyrosine monoclonal antibody from CHO-K1, CHO-IR, and CHO/⌬p85 cells that were stimulated with 10 ng/ml PDGF-BB for 10 min, and PI3K activity was then assayed as described under "Experimental Procedures." induced phenomena in these cells, we studied the effect of WT and LY294002 on PDGF-induced glucose incorporation and amino acid uptake in Swiss 3T3 cells. As reported with other cell types (29) , PDGF-BB significantly increased [ 3 H]leucine uptake in 6 h. WT and LY294002 inhibited this PDGF-induced leucine uptake completely (Table I) . PDGF-BB significantly increased glucose incorporation after a 6-h incubation. In contrast to their inhibition of amino acid uptake, WT and LY294002 inhibited PDGF-induced glucose incorporation only partially (Table I) . Although WT was recently reported to inhibit phospholipase A 2 activity at similar concentrations for inhibition of PI3K in Swiss 3T3 cells (35) , neither PDGF-stimulated amino acid uptake nor glucose incorporation was inhibited by a specific inhibitor of cytosolic phospholipase A 2 , AA-COCF3 (data not shown) (36) . Rapamycin did not affect these PDGF-induced phenomena (Table I) . DISCUSSION In the present study, we demonstrate that PI3K is not involved in PDGF-induced chemotaxis in three cell types that express authentic PDGF-␤ receptors by using two different methods: specific inhibitors for PI3K and a stable cell line overexpressing a dominant negative p85 subunit of PI3K. Two PI3K inhibitors with different structures did not affect the PDGF-induced chemotaxis in vascular SMCs and Swiss 3T3 cells (Fig. 1) . PI3K purified from those cells is inhibited by WT (Fig. 2) , and the increase in the PI3K product after PDGF stimulation was completely inhibited by WT (Fig. 3) , indicating that the lack of inhibition was not due to the general insensitivity of those cells to the inhibitors. The non-involvement of PI3K in PDGF-induced chemotaxis was further substantiated by the finding that CHO cells overexpressing a dominant negative p85 subunit of PI3K showed decreased PI3K activation by PDGF-BB (Fig. 5) but a chemotactic response comparable to parental CHO-K1 cells (Fig. 6) .
Our finding that PI3K is not involved in PDGF-induced chemotaxis is in contrast to previous reports. Two groups (20, 21) reported independently that the replacement of PI3K binding sites in the cytoplasmic domain of PDGFR (Tyr-741 and Tyr-751 in human PDGFR-␤) with phenylalanine caused a loss of chemotactic response to PDGF-BB in porcine aortic endothelial cells and NIH 3T3 cells transfected with this mutant receptor, while the replacement of only one of the two PI3K binding sites did not affect the chemotactic response. Their findings suggested an indispensable role of PI3K in PDGFinduced chemotaxis in those cells. There are two possible explanations for the discrepancy between their findings and ours. First, the chemotactic signal may be transduced by molecules that share the same binding sites in PDGFR with PI3K, such as Shc, which binds to Tyr-741 and Tyr-751, and Nck, which binds to Tyr-751 (4). This possibility is supported by the discrepancy between suppression of PI3K activity and suppression of chemotactic response in cells transfected with mutant receptor; replacement of either one of two tyrosine residues in PI3K binding sites decreased PDGF-induced PI3K activation by 90% (34) without influencing the chemotactic response (21) , whereas the insulin-induced glucose uptake decreased in parallel with PI3K activity (12, 14) . However, there was no direct evidence for the involvement of Shc or Nck in chemotactic signal transduction in the present study. The second possible explanation is that there may be PI3K-dependent and -independent chemotactic signal transduction pathways, and different cell types use different pathways. This possibility does not exclude the first one and is supported by previous observations using similar approaches with conflicting results; mutant receptors lacking PI3K binding sites (20, 21) , wortmannin, and the dominant negative p85 subunit of PI3K 2 all suppress the chemotactic response in porcine aortic endothelial cells expressing wild-type or mutant PDGF receptors, whereas wortmannin only partially suppresses PDGF-induced chemotaxis in murine inner medullary collecting duct cells expressing mutant 
TABLE I Effect of various inhibitors on PDGF-BB-induced leucine uptake and glucose incorporation
Leucine uptake: Swiss 3T3 cells were incubated in DMEM containing 0.1% BSA and [
3 H]leucine in the presence or absence of inhibitors (100 nM wortmannin, 10 M LY294002, 10 or 100 nM rapamycin) for 30 min and then stimulated with PDGF-BB (10 ng/ml). After 6 h, leucine uptake was measured as described under "Experimental Procedures." Glucose incorporation: Cells were incubated in glucose-free DMEM containing 0.1% BSA in the presence or absence of inhibitors for 30 min and then stimulated with PDGF-BB (10 ng/ml). After 6 h, cells were incubated with the same media containing 2-[ 3 H]deoxyglucose and 100 nM cold 2-deoxyglucose for 10 min, and then glucose incorporation was measured as described under "Experimental Procedures." The experiment was repeated independently three times in triplicate. Results are expressed as dpm (mean Ϯ S.E.) and percentages of the control value. PDGF receptors that have an 11-amino acid sequence from c-met (37) . Interestingly, wortmannin inhibits hepatocyte growth factor-induced chemotaxis to the same extent as the mutant receptor in these collecting duct cells (38) . Cell typespecific variations have been known for other signaling molecules in PDGF-induced chemotaxis; PLC-␥ is not required for PDGF-induced chemotaxis in porcine aortic endothelial cells expressing PDGFR (21) but partly required in canine kidney epithelial cells, NIH 3T3 cells (20) , and murine inner medullary collecting duct cells (37) expressing PDGFR. Our present results, together with those of the reports cited above, strongly suggest the existence of PI3K-dependent and -independent pathways for chemotactic signaling. Our findings also indicate that the authentic PDGF receptor transduces a chemotactic signal by a PI3K-independent pathway in vascular SMCs and the other cell types we tested. The downstreams of PI3K are not yet entirely clear. One of the well characterized downstreams of PI3K is pp70 S6 kinase (13, 33) . Although rapamycin, a specific inhibitor of pp70 S6 kinase, inhibits PDGF-induced DNA synthesis in SMCs (39) , in the present experiments it did not inhibit the PDGF-induced chemotaxis (data not shown), in accordance with our findings that PI3K is not involved in chemotactic signal transduction in this cell type. Another two proteins downstream of PI3K are small G proteins Rho and Rac. These small G proteins as well as PI3K are involved in PDGF-induced stress-fiber reorganization (40 -42) . In agreement with these previous reports, a PI3K inhibitor inhibited the PDGF-induced disappearance of stress fibers in Swiss 3T3 cells in the present study (data not shown).
Another unexpected and interesting finding in our study is the effect of PI3K inhibitors on PDGF-induced glucose incorporation and amino acid uptake in Swiss 3T3 cells. PI3K inhibitors have been reported to inhibit insulin-stimulated glucose incorporation in all cell types tested (12, 14) . However, the same inhibitors only partly inhibited the present PDGF-induced glucose incorporation ( Table I ), indicating that PDGF stimulates cellular glucose incorporation both by PI3K-dependent and -independent pathways. This interpretation is supported by previous reports (28, 43) that PDGF stimulated glucose incorporation by both translocation of the glucose transporter to the cell surface and increasing in the amount of the glucose transporter. PI3K inhibitors completely inhibited amino acid uptake that was stimulated by PDGF-BB (Table I ), indicating that PDGF-induced amino acid uptake is dependent on PI3K activity. Rapamycin did not inhibit these PDGF-induced phenomena (Table I ), indicating that PDGF-induced amino acid uptake and glucose incorporation were not mediated by the pp70 S6 kinase pathway. Although wortmannin has been reported to inhibit phospholipase A 2 activity in Swiss 3T3 cells (35) , the phospholipase A 2 inhibitor did not affect this PDGF-induced glucose incorporation and amino acid uptake (data not shown), and, therefore, the inhibition of amino acid uptake was not due to the effect of wortmannin on phospholipase A 2 .
In summary, we have revealed a PI3K-independent signal transduction pathway for PDGF-induced chemotaxis. Our findings suggest a diversity in signaling pathways for growth factor-induced chemotaxis.
